The swordlike exaggerated caudal fin extensions of male swordtails are conspicuous traits that are selected for through female choice. Swords are one of only few examples where the hypothesis of a pre-existing bias is believed to apply for the evolution of a male trait. Previous laboratory experiments demonstrated that females prefer males with longer swords and even females from some swordless species show an affiliation for males of sworded species. Earlier phylogenetic studies based on maternally inherited mitochondrial DNA placed the sworded southern swordtail Xiphophorus clemenciae with swordless platies, contradicting its morphology-based evolutionary affinities. The analyses of new nuclear DNA markers now recover its traditional phylogenetic placement with other southern swordtails, suggesting that this species was formed by an ancient hybridization event. We propose that sexual selection through female choice was the likely process of hybrid speciation, by mating of platy females with males of an ancestral swordtail lineage. In artificial crosses of descendent species from the two potential ancestral lineages of X. clemenciae the hybrid and backcross males have swords of intermediate lengths. Additionally, mate choice experiments demonstrate that hybrid females prefer sworded males. These experimental lines of evidence make hybridization through xeno-specific sexual selection by female choice the likely mechanism of speciation.
Introduction
The concept of sexual selection as a mechanism to promote the evolution of exaggerated male traits that appear detrimental for survival was first proposed by Darwin (1871) . Sexual selection depends on the mating success of certain individuals over others of the same sex. Competition for mates can be direct between members of the same sex, or indirect when mate choice is involved (Panhuis et al. 2001) . The prevailing form of the latter type of sexual selection is female choice, which involves the preference of females for certain male traits.
For a long time, the swordlike ventral caudal fin elongation of male swordtails of the genus Xiphophorus has served as an important model for the evolution of elaborate male ornaments via a female's preference for this trait (Darwin 1871; Ryan & Wagner 1987; Basolo 1990 Basolo , 1995 . It has even been shown that female platyfish, which belong to the same genus as the swordtails but whose males do not possess swords, prefer conspecific males with artificial swords over normal, swordless ones (Basolo 1990 ). In addition, Xiphophorus females may also use olfactory cues for intraspecific recognition (McLennan & Ryan 1999) . Species of the swordless sister genus Priapella as well as platyfish of the genus Xiphophorus also are one of only few examples for the pre-existing bias hypothesis (Kaneshiro 1976; Ryan 1998) , in that females of both show an apparently ancestral mating preference for males with swords, which probably drove the evolution of this exaggerated male trait (Ryan 1990; Basolo 1995) . In the traditional phylogenetic hypothesis of the genus Xiphophorus that was largely based on phenotypic traits (Rosen 1979; Rauchenberger et al. 1990 ) the swordless platy species were placed basal to the sworded swordtail species within this genus. This phylogenetic position of swordless platies would be in support of the hypothesis that a female bias for swords evolved before the male trait itself, possibly also due to 'sensory exploitation' by males of the females' innate sensory bias (Endler & McLellan 1988; Ryan 1990; Boughman 2002) .
With a total of 22 described species, both the northern and southern swordtails and the swordless northern and southern platies comprise the genus Xiphophorus in the species-rich freshwater family Poeciliidae from Central America (Fig. 1) . A molecular phylogeny largely based on mitochondrial DNA (mtDNA), which included all described species of the genus (Meyer et al. 1994) , disagreed with the traditional phylogeny by placing the northern swordtails as sister group to the southern swordtails plus the platyfish. One notable feature of the mitochondrial phylogeny was the placement of Xiphophorus clemenciae -it had been traditionally assigned to the group of southern swordtails (Rosen 1979; Rauchenberger et al. 1990 ), but it was, mitochondrially, nested among the southern platyfish (Meyer et al. 1994) . One likely explanation for this surprising position of X. clemenciae among the southern platies is an ancient hybridization event. However, hardly any nuclear markers, which would allow for further testing of this hypothesis, have been analysed so far.
Here, we report a new phylogeny based on DNA sequences from six nuclear loci with a total length of ∼ 3000 bp. We also determined additional mtDNA sequences for all species in the genus. While the new mtDNA phylogeny confirms the results of our earlier study (Meyer et al. 1994) , X. clemenciae is now, in the nuclear DNA phylogeny, placed among the southern swordtails, which it morphologically resembles. This interesting discrepancy in the phylogenetic position of X. clemenciae between the mitochondrial and nuclear phylogeny is in agreement with the hypothesis of a hybrid origin of this taxon. To test the hypothesis that the species X. clemenciae originated from a hybridization event between swordless female platyfish and sworded male swordtails, we also produced artificial hybrids of two of the potential ancestral lineages of X. clemenciae, namely the southern platyfish Xiphophorus maculatus, and the green swordtail Xiphophorus hellerii. We find that hybrid males and hybrid × swordtail backcross males have swords of intermediate lengths that resemble those of X. clemenciae males. Furthermore, in mate choice experiments, hybrid and backcross females displayed a visual preference for swordtail males, making hybridization through xeno-specific sexual selection -specifically due to a pre-existing (universal) female bias for swords -the likely mechanism for the hybrid origin of the new species.
Materials and methods

DNA sequence analysis
Total DNA was extracted from fin clips applying a proteinase K digestion followed by sodium chloride extraction and ethanol precipitation (Bruford et al. 1998) . Polymerase chain reaction (PCR) amplification was performed according to standard methods on an ABI 9700 thermocycler (Applied Biosystems). We used published primers for the amplification of the mitochondrial control region (Meyer et al. 1994; Lee et al. 1995) and for the exon 3 of the nuclear RAG1 gene (Venkatesh et al. 2001 ). Primers for four additional nuclear loci were designed to amplify noncoding flanking regions of the microsatellite loci D2, D8, D29 and T36 (Seckinger et al. 2002) using their original sequences (see Table 1 for primer sequences). One taxon (Xiphophorus maculatus) could not be amplified for D8. Sequences were analysed on an ABI 3100 automatic sequencer (Applied Biosystems); sequence data can be obtained from GenBank under the accession numbers listed in Table S1 (Supplementary materials). For each DNA segment, up to eight specimens from two different sampling sites were sequenced for Xiphophorus clemenciae, two to four specimens were analysed for both Xiphophorus hellerii and X. maculatus. For the remaining representatives, one specimen each was used. Two species of the poecilid genus Priapella were included as outgroup (Meyer et al. 1994) . Specimen information and sample localities can be obtained from Table S1 .
Phylogenetic analyses
The DNA sequences of the mitochondrial control region (877 bp) were combined with the partial cytochrome b sequences (360 bp) of a previous study (Meyer et al. 1994) . DNA sequences of the nuclear genes were combined with previously published X-src sequences (Meyer et al. 1994) . The lengths of the nuclear DNA sequences were 394 bp for D2; 515 bp for D8; 381 bp for D29; 394 bp for T36; 1574 bp for RAG1/exon3; and 496 bp for X-src. Single nucleotide polymorphisms at 11 positions in the nuclear DNA segments were coded according to the IUB degenerate base code. The computer program clustal w (Thompson et al. 1994) was used for sequence alignments, and the alignments were further adjusted by eye. Gaps were encoded as indels.
Prior to phylogenetic analyses we tested the overall phylogenetic signal in each individual nuclear marker and in the combined nuclear data set separately by means of a four-cluster likelihood mapping analysis implemented in puzzle 4.0 (Strimmer & von Haeseler 1997) . For the data set combining all nuclear DNA segments, but excluding the outgroup taxa, a percentage fraction of 97.9% of all possible quartet topologies (7315) were fully resolved, while the percentage fraction of partially resolved and unresolved quartet topologies ranged from 11.4% (RAG1) to 23.7% (D29) in the particular nuclear gene segments. This outcome corroborated a strong overall phylogenetic signal in the combined nuclear data set.
For tree reconstruction, we applied maximumparsimony, neighbour-joining, maximum-likelihood and Bayesian inference approaches using the computer programs paup*4.0b10 (Swofford 2003) and mrbayes 3.0 (http:// morphbank.ebc.uu.se/mrbayes/). We first analysed the individual markers separately, using the general timereversible model of molecular evolution (six classes of substitutions) with a gamma substitution correction and site-specific rates. Due to its greater length compared to the other segments, RAG1 was divided into two parts ranging from alignment positions 1-749 bp and 750-1574 bp, respectively. It turned out that only in the data set consisting of the second part of RAG1 was X. clemenciae resolved within a monophyletic cluster consisting of the representatives of the northern and southern platyfish plus Xiphophorus andersi (trees not shown), which might be the result of a recombination event in that gene. We therefore decided to exclude the first RAG1-segment from the combined analysis of the entire data set.
For maximum-likelihood and Bayesian inference of the combined nuclear (excluding the first 749 bp of RAG1) and mitochondrial data sets, we used the general time-reversible model of molecular evolution (six classes of substitutions) with a gamma substitution correction and site-specific rates, all parameters being estimated from the data sets, as suggested by running the modeltest 3.06 routine (Posada & Crandall 1998) . mrbayes was used to run four Metropoliscoupled Monte-Carlo-Markov-Chains for 10 million generations, starting from a random tree and applying a sample frequency of 10. The data set was partitioned with respect to the different gene segments. In both data sets, 5% of trees were excluded as burn-in (based on the observation that -ln likelihoods stabilized after about 5% of the sampled trees). For maximum parsimony, an unweighted heuristic search was performed with paup* (20 replications). We ran quartet-puzzling analyses (10 000 puzzling steps; same model parameters as in the maximum-likelihood tree search), and maximum-parsimony (1000 replicates) and neighbour-joining (5000 replicates) bootstraps for both the mtDNA and nuclear DNA data sets. We finally performed a Shimodaira-Hasegawa test under a resampling-estimated log-likelihood (RELL) with 1000 bootstrap replicates (as implemented in paup*), in order to test whether the maximum-likelihood topologies based on the nuclear and mtDNA data sets are significantly different. D8-F91 (see Seckinger et al. 2002) D8-R500: 5′-GATTTCCACTCAGGACCACTT-3′ D29 D29-F206: 5′-ATTTGTAAAGGCCACTGGTTT-3′ D29-R: 5′-TGTATGCTGGTGCAAAGAGCA-3′ T36 T36-F: 5′-TACAGAATGTACAGGAGGCTC-3′ T36-R488 (see Seckinger et al. 2002) 
Morphology
The sword index (sword length/standard length) was determined from sexually mature, adult males. For measurements, males were raised individually until all secondary sexual characters were fully developed. X. hellerii and X. clemenciae juvenile males were taken from large population tanks in which laboratory stocks are bred. These stocks are derived from collections made at the Rio Lancetilla, Honduras (X. hellerii), and Rio Grande, Oaxaca, Mexico (X. clemenciae).
As developmental endpoint and therefore relevant ontogenetic stage of measurement, the development of the complex bony elements of the gonopodium was determined. Although growth in males ceases with reaching sexual maturation, we waited at least four more weeks before the sword index was determined. Also, after this period no further growth of the sword occurs (Zander 1967) .
Mate choice experiments
To further demonstrate the plausibility of a hybrid origin of X. clemenciae due to sexual selection by female preference, we artificially hybridized two extant representatives of the potential ancestral lineages (the swordless platy X. maculatus and the southern swordtail species X. hellerii).
Hybrid and backcross females were also tested for their mate preferences through standard visual information tests (Ryan & Wagner 1987) , by offering these females the choice between a platy and a swordtail male. F 1 hybrids were produced in the laboratory between platyfish (X. maculatus strain Jp163A, WLC# 1352; origin: Rio Jamapa, Veracruz, Mexico) females and swordtail (X. hellerii strain Db-, WLC# 1337; origin: Rio Lancetilla, Honduras) males by artificial insemination. Backcross hybrids (BC 1 ) were produced by crossing F 1 hybrid females with swordtail males. The F 1 males originated from four different X. maculatus/X. hellerii matings and the BC 1 males from five different matings of F 1 's with X. hellerii. All fish were kept under standard conditions in the aquarium facilities of the Biocenter, University of Würzburg. Females were raised separately from males. For female choice experiments, a standard visual information test was applied (Ryan 1990 ). Experiments were conducted in a 43 × 16 × 28 cm aquarium that was divided into three equally sized sections (test aquarium). To each side, a 15 × 16 × 28 cm aquarium was added that held the stimulus males -to ensure that female choice was based on visual cues only. The sections at each side of the test aquarium were the preference zones, while the central section was the neutral zone. The test fish was able to move freely among the three sections. To initiate a trial, a platyfish and a swordtail male were each placed in one of the outer compartments. Then, one female was placed in a plexiglass cylinder into the test aquarium and allowed to acclimatize for 10 min. After this acclimatization period, the cylinder was removed and the female could swim freely into all three sections of the test aquarium. We recorded the time that the female spent in each section adjacent to the males during 5-min trials. The plexiglass cylinder was then returned, the small tanks with the males switched and the observation repeated to rule out side biases of the tested females. All trials in which the female spent more that 80% of its total time of both tests on one side were excluded as side biased, and all trials where the female spent less that 66% of its time in one of the preference zones were excluded because of low motivation. Nine platy/ swordtail F 1 hybrid females, 28 backcross hybrid females from F 1 females mated with swordtails, and 28 swordtail females were tested. The F 1 females were tested repeatedly with different pairs of males. At least a 3-day pause was implemented between the tests. Due to a short lifespan one female could not be tested in the full number of trials (n = 15). Nonparametric statistics were employed to analyse the data (Wilcoxon test). All P values are two-tailed.
Results
Swordtail phylogeny
The determination of new complete mitochondrial control region DNA sequences from all described species of the genus Xiphophorus and two outgroup species confirmed the results of an earlier molecular phylogenetic study that was based on cytochrome b and only partial control region sequences (Meyer et al. 1994) . By using the maternally inherited mtDNA markers (1237 bp), again the group of northern swordtails was resolved as sister group to the southern swordtails plus the platyfish (Fig. 2a) . The monophyly of three different lineages of Xiphophorus, the platies, the northern and southern swordtails, was supported with high to moderate bootstrap and quartetpuzzling values and Bayesian posterior probabilities in all analyses. Within platies, the southern platies are basal and paraphyletic with respect to the northern platies. The phylogenetic position of Xiphophorus andersi could not be resolved conclusively (see also Meyer et al. 1994 ). This species is typically grouped with the southern platies, but its elongated swordtail-like morphology and its translucent ventral caudal fin extension have made its phylogenetic placement tentative.
Xiphophorus clemenciae -which was traditionally assigned, based on morphological traits, to the southern swordtails (Rosen 1979; Rauchenberger et al. 1990 ) -was again firmly nested among the southern platyfish (Fig. 2a) as was reported in the initial investigation (Meyer et al. 1994) . Uncorrected pairwise distances of the mtDNA sequences determined that Xiphophorus milleri is the closest relative of X. clemenciae with 2.1% distance to X. clemenciae, compared with 3.1% to Xiphophorus maculatus, the other southern platy that is genetically close to X. clemenciae. However, X. clemenciae differs mitochondrially by at least 3.8% from other southern swordtail species (Xiphophorus hellerii is its closest relative among the group of southern swordtails in the mtDNA). This amount of DNA sequence divergence from its mitochondrial closest relatives suggests that the origin of X. clemenciae is relatively ancient.
Fig. 2 Phylogeny of all 22
Xiphophorus species using Priapella compressa and Priapella olmeca as outgroup (Meyer et al. 1994) . (a) Maximum-likelihood tree based on the complete mitochondrial control region and a segment of the cytochrome b gene (1237 bp). (b) Maximum-likelihood tree based on six nuclear markers (3005 bp). Numbers above the branches are the corresponding Bayesian posterior probabilities and quartet-puzzling values; numbers below the branches represent maximum-parsimony and neighbourjoining bootstrap values. In the mitochondrial phylogeny (a), Xiphophorus clemenciae is nested among the southern platyfish; in the nuclear tree (b) it is grouped together with the southern swordtails instead.
In the phylogeny based on the six nuclear DNA markers (D2, D8, D29, T37, X-src, second part of RAG1), the southern swordtails were consistently resolved as sister group to a clade formed by X. andersi plus the platies and the northern swordtails. This branching order was supported by high to moderate bootstrap and quartet-puzzling values and Bayesian posterior probabilities. However, the phylogenetic signal in the nuclear DNA data set was not sufficient to resolve all phylogenetic relationships within the northern and southern platies and the northern swordtails with confidence. The Shimodaira-Hasegawa test confirmed that the nuclear and mitochondrial phylogenies are significantly different (P < 0.05). However, it seems that more DNA sequence data are necessary to unambiguously resolve the phylogenetic relationships between the main groups in Xiphophorus.
In contrast to the mtDNA sequences, the majority of the six nuclear markers, when analysed separately, and all combined (but excluding the first section or RAG1) now place X. clemenciae among the southern swordtails (Fig. 2b) as expected based on morphological characters (Rosen 1979; Rauchenberger et al. 1990 ). X. clemenciae resembles X. hellerii, another southern swordtail species, but it is distinguished from the latter species by its shorter sword (Rauchenberger et al. 1990 ) (see Fig. 3a, b) as well as several other characteristics (e.g. gonopodial structure, colouration of the flanks). In fact, in the nuclear DNA phylogeny, X. clemenciae is most closely related to the southern swordtail X. hellerii differing by only 1.0% sequence divergence in all six nuclear markers combined. Individually, the nuclear markers also support an affiliation of X. clemenciae with the southern swordtails, except for the first 749 bp of RAG1, which place X. clemenciae among the platyfish, most similar to X. milleri and X. maculatus (0.4% sequence divergence to both). X. clemenciae had identical D2 sequences with X. hellerii and X. alvarezi. It was most similar to X. hellerii based on D29 (0.53%) and T36 (0.26%) and to X. alvarezi based on the second part of RAG1 (0.51%). Based on the X-src marker, X. clemenciae was determined to be most similar to the northern swordtail X. birchmanni (1.01%) and based on D8 to X. birchmanni and X. malinche (1.23%). This might be due to the basal position of X. clemenciae among the southern swordtails.
Morphological assessment and mate choice experimensts
To demonstrate the plausibility of a hybrid origin of X. clemenciae due to sexual selection by female preference, we artificially hybridized two extant representatives of the potential ancestral lineages (the swordless platy X. maculatus and the southern swordtail species X. helleri) (Fig. 3a) . As has been reported before (Kosswig 1928) , the resulting hybrids are fertile, all male hybrids have swords, and the relative length of the sword is shorter in the hybrid To analyse the preference of platyfish/swordtail F 1 hybrid females, standard visual choice tests were performed. The box plots depict the preferences of platy/swordtail F 1 hybrid females, backcross hybrid females from F 1 females mated with swordtails, and swordtail females. The bar represents the median of the time spent with the stimulus male, the box characterizes the 25% and 75% values, respectively. The whiskers describe the 10% and 90% values, respectively. There is tendency of F 1 hybrid females towards a preference for swordtail males over platy males although not statistically significant (N = 9, z = −1.96, P = 0.0499). Backcross females from matings of F 1 hybrid females with swordtail males significantly preferred the swordtail males over platy males (N = 28, z = −2.715, P = 0.0066). Swordtail females preferred the conspecific males over the males of the platyfish (N = 28, z = −2.859, P = 0.0043). males compared to the males of one of the parental species (Zander 1975 ) (see Fig. 3b for measurements of the relative sword length in hybrids and hybrid backcrosses).
Hybrid and backcross females were also tested for their mate preferences through standard visual information tests (Ryan & Wagner 1987) , by offering these females the choice between a platy and a swordtail male. All tests showed, for the first time, that hybrid females of this cross preferred sworded X. helleri over nonsworded platy X. maculatus males (Fig. 3c) . Standard visual choice tests revealed that there is a tendency of F 1 hybrid females towards a preference for swordtail males over platy males (Fig. 3c) . Because of the difficulty in obtaining sufficient numbers of sexually mature F 1 females only nine fish could be tested. Therefore, the obtained P values, although significant at the 0.05 level, might need to be interpreted with caution (N = 9, z = −1.96, P = 0.0499) (Fig. 3) . When these individual females were tested repeatedly, for three of the F 1 females the preference for swordtail males was statistically significant (N = 15, z = −2.229, P = 0.0258; N = 15, z = −2.26, P = 0.0238; and N = 9, z = −2.1, P = 0.0357). The remaining six F 1 females were not tested repeatedly. Backcross females from matings of F 1 hybrid females with swordtail males significantly preferred the swordtail males over platy males (28 females were tested, once each; z = −2.715, P = 0.0066). Also swordtail females preferred their conspecific males over the males of the platyfish (28 females were tested, once each; z = −2.859, P = 0.0043).
Discussion
The discrepancy between the position of Xiphophorus clemenciae in the mitochondrial and nuclear phylogeny (Fig. 2) is best explained as the result of a relatively ancient hybridization event between swordless southern platyfish females with males from a sworded southern swordtail species followed by repeated backcrosses of hybrid females with male swordtails. Under such a scenario, the platyfish species would have contributed the maternally inherited mtDNA while the nuclear background would predominantly be derived from the swordtail species. Hence, the nascent species X. clemenciae was placed among the southern platies in the mitochondrial phylogenies (Fig. 2a) (Meyer et al. 1994) and in the first 749 bp of RAG1, while the remaining nuclear markers support its traditional evolutionary affinities as a member of the southern swordtail assemblage (Fig. 2b) . Specifically, we suggest that sexual selection through persistent female choice for swords was the likely mechanisms in this case of hybrid speciation, possibly initiated by the existence of a pre-existing bias for this male trait (Basolo 1990 (Basolo , 1995 .
The divergent mtDNA and nuclear DNA phylogenies and data on the phylogeography (Figs 1 and 2) suggest that ancestral lineages of the southern swordtails (such as Xiphophorus hellerii) and of the southern platies (such as Xiphophorus milleri or Xiphophorus maculatus) were the most likely parental lineages for the hybrid species X. clemenciae. X. milleri occurs adjacent to the natural localities of X. clemenciae. X. hellerii and X. maculatus not only show the largest distribution of all species but also widely overlap in their ranges (Fig. 1) . In contrast, X. clemenciae is a rare and threatened species whose distribution is the smallest of all southern swordtails, restricted to only a small area in the upper reaches of the Rio Cotzacoalcos, suggesting that the proposed hybridization event was local. Alternatively, the present population of X. clemenciae might be the relict of a formerly widespread one.
The feasibility of sexual selection-driven hybridization scenario between a swordtail and a platyfish is supported by two additional sets of experiments. First, in laboratory experiments southern platyfish females were found to show mating preferences for conspecific males with artificial swords (Basolo 1990) , and, second, X. maculatus and X. hellerii can be crossed in captivity, produce viable hybrids, and backcrosses between F 1 hybrids and X. hellerii produced sworded males resembling X. clemenciae (Kosswig 1928; Walter & Kazianis 2001) . Our own experiments with artificially produced hybrids and hybrid backcrosses between the swordless platy X. maculatus and the southern swordtail species X. hellerii (Fig. 3) reveal that male hybrids have swords of intermediate length (Fig. 3a,  b) and that female hybrids show a mating preference for sworded males (Fig. 3c) . Hence, the ancient female bias for swords might be the behavioural mechanism promoting the hybridization of female platyfish and male swordtails. Hybridization has been considered important in plant evolution (Arnold 1997; Rieseberg 1997 ), but its importance as a mechanism of speciation remains controversial, particularly in animals where the hybrid origin of new species has only been observed in a few cases (see, e.g. Arnold 1997; Dowling & Secor 1997; Grant & Grant 1997a; Turelli et al. 2001) . A popular scenario, introgressive hybridization, assumes an initial hybrid population that is interfertile with one or both parental species, which would allow for gene flow from parents to hybrids via backcrossing (Anderson 1949; Arnold 1997) . The resulting hybrids then contain a complex mixture of parental genes, whose composition would depend on the actual pathways of introgression (Rieseberg & Wendel 1993) and range from introgression at a single one locus (e.g. mitochondria) to the reorganization of large portions of the genome (Rieseberg et al. 1995; Dowling & Secor 1997) . In animals, hybridization between closely related species (in geographically defined hybrid zones) has been studied in some detail (see, e.g. Hubbs 1955; Barton & Hewitt 1989; Scribner 1993; Arnold & Hodges 1995; Arnold 1997; Grant & Grant 1997a, b; Good et al. 2000; Epifanio & Nielsen 2001; Veen et al. 2001; Seehausen 2004) , and several cases of a hybrid origin of a new animal species have been proposed (see, e.g. Wayne & Jenks 1991; DeMarais et al. 1992; Dowling & DeMarais 1993) .
Although hybridization in animals is relatively rare, it seems to be somewhat more common in fish (Hubbs 1955; DeMarais et al. 1992; Smith 1992; Dowling & DeMarais 1993; Epifanio & Nielsen 2001; Salzburger et al. 2002) . However, the (behavioural) mechanism of hybridization is rarely, if ever, known (but see below). This makes the hybrid origin of X. clemenciae particularly interesting, since we offer an explicit mechanism, the xeno-specific preference for swords even among distantly related species within this genus and possibly even beyond (Priapella), the most likely mechanism of hybridization. In the case of X. clemenciae, since at least five of the six nuclear loci of the genome of X. clemenciae analysed contained only nuclear DNA of the swordtail lineage, backcrosses of the initial hybrid females seem to have occurred predominantly with sexually preferred southern swordtail males. Such a scenario of asymmetric mating is also supported by our mate choice experiments in that we show that both the purebred and the backcross females show significant mating preferences for sworded males.
It has been observed that in nature, hybridization in the genus Xiphophorus is very infrequent (Meyer 1983) . The limited distribution of X. clemenciae indicates that the hybridization was a rare and locally restricted event that may have only involved a few platy females and, hence, that the platy lineage contributed only few alleles to the novel species. Alternatively, an entire local population of X. hellerii might have merged into X. clemenciae, with all other populations of X. hellerii being unaffected by the hybridization event. In any case, the nuclear background of southern swordtails would come to dominate over time and account for both, the existence of the long sword and the elongated body form of a typical southern swordtail species, which is already evident in the hybrids (Fig. 3a) , and the placement of X. clemenciae among the other species of southern swordtails based on the majority of the nuclear loci as well as morphological traits.
Although other cases of hybrid speciation in fish have been reported (see, e.g. DeMarais et al. 1992; Dowling & DeMarais 1993; Salzburger et al. 2002) , and behavioural mechanisms have been identified that might promote hybridization between two closely related taxa (see, e.g. Brodsky et al. 1988; Ryan & Rand 1993; McDonald et al. 2001; Rosenfield & Kodric-Brown 2003; Kodric-Brown & Rosenfield 2004) , this is the first study where sexual selection through female choice is proposed as likely mechanism promoting not only the Fisherian evolution of exaggerated male traits within species, but that this xeno-specific preference was the likely mechanism for the hybrid origin of a new species from more distantly related parental lines. R. A. Fisher stated: 'The grossest blunder in sexual preference, which we can conceive of an animal making, would be to mate with a species different from its own' (Fisher 1958, p. 144) . Apparently, mating preferences may not only prevent hybridization, as is typically thought, but they can also promote the origin of new species (Grant & Grant 1997b; Rosenfield & Kodric-Brown 2003) . Theory predicts that sexual selection can bring about speciation or maintain mating barriers as well as speed up both the evolution of female choice and male secondary sexual characteristics (Panhuis et al. 2001; Turelli et al. 2001) . Hybridization due to more universal sexual preferences might be more prevalent in other groups of animals than previously thought.
If hybrid origins, through sexual selection, of the kind we discovered here, were a more common mechanism for the origin of new species than currently recognized, then the widespread use of maternally inherited mtDNA for phylogenetic studies among closely related species would possibly cause misleading evolutionary inferences.
